While ultrasound-guided injections are safer and more effective than the typical (blind) injection methods, there has been no report of ultrasound-guided injection techniques being applied to patients for aesthetic treatment or to patients with an asymmetrical smile. The purpose of this study was to determine the locations of facial expression muscles using ultrasound and to use this information to guide BoNT-A injections into a patient with an asymmetrical smile. The safety and effectiveness of this technique were also evaluated. A real-time two-dimensional B-mode ultrasound system (E-CUBE 15 EX, ALPINION, Seoul, Korea) with a 30-mm-wide linear array transducer (8.0-17.0 MHz; IO8-17 high frequency hockey stick, Seoul, Korea) was used to obtain images of the depressor labii inferioris (DLI), risorius, depressor anguli oris (DAO), and zygomaticus major (ZMj). The patient received an ultrasound-guided BoNT-A injection (Meditoxin®, Medytox, Seoul, Korea) in each target muscle using a 1-mL syringe with a 30-gauge 1-inch-long needle. The patient's smile was symmetrical 1 month after the US-guided BoNT-A into the DLI, risorius, and ZMj. The symmetry was achieved by decreasing the exposure of the lower teeth and by elevating both mouth corners. The ultrasound-guided injection technique may contribute to the determination of the optimal injection method and dosage based on a precise knowledge of morphology, location, layer of target muscles, and thickness of subcutaneous fat tissues.
Editorial Decision date: May 11, 2018; online publish-ahead-of-print May 24, 2018.
While ultrasound-guided injections are safer and more effective than the typical (blind) injection methods, clinicians today rarely utilize ultrasound guidance for injections into the face. [1] [2] [3] It is more difficult to utilize ultrasounds to identify facial expression muscles than to identify trunk muscles or muscles in the upper or lower extremities, as facial expression muscles are interwoven with their surrounding muscles or connective tissues at the insertion site. 4, 5 This difficulty has meant, to the best of our knowledge, that there has been no report of ultrasound-guided injection techniques being applied to patients for aesthetic treatment or to patients with an asymmetrical smile.
The purpose of this study was to determine the locations of facial expression muscles using ultrasound and (E) An ultrasound image of the zygomaticus minor (Zmi) was identified below the zygomaticus major (ZMj) and (F) its corresponding illustration. The levator anguli oris (LAO) was observed at the deeper-most part of the midface near the nose alar. The transducer was always placed perpendicular to the lower face skin or mandible, and images were taken in the transverse plane (A, anterior; L, lateral aspect).
to use this information to guide BoNT-A injections into a patient with an asymmetrical smile. The safety and effectiveness of this technique were also evaluated.
CASE REPORT
A 30-year-old woman was referred to a clinic due to her asymmetrical smile. When we saw this patient, her left lower teeth were exposed while her right lower teeth remained hidden, and the left corner of her mouth was more elevated than the right corner when she smiled. Her history was as follows: 2 months following her birth, the patient's left lower teeth became exposed when crying. She visited a hospital, and her parents were told by a doctor that it was not a major problem and that it would improve with age. However, by age 4, she showed no signs of improvement, so she visited another pediatrician who gave her the same diagnosis as the first. The patient suffered from stress because of her asymmetrical smile-when she smiled, she always placed a hand over her mouth. Her medical history showed that she had received an autogenous fat graft and orthognathic surgery in both jaws 5 years past. The exposure of her left lower teeth slightly improved after surgery, but it relapsed 2 months thereafter. A signed and written informed consent was obtained from the patient. A real-time two-dimensional B-mode ultrasound system (E-CUBE 15 EX, ALPINION, Seoul, Korea) with a 30-mm-wide linear array transducer (8.0-17.0 MHz; IO8-17 high frequency hockey stick, Seoul, Korea) was used to obtain images of the depressor labii inferioris (DLI), risorius, depressor anguli oris (DAO), and zygomaticus major (ZMj) (Figure 1 ).
The first treatment was conducted in January 2017. The patient was positioned supinely on an examination bench that was angled at 45 degrees. After identifying the patient's modiolus, the location of the DAO was confirmed on the sagittal reference line that passes the modiolus. 6, 7 When the transducer was placed longitudinally from the modiolus, the DAO was identified, and the transducer was moved medially to verify the position of the DLI, which is located deeper than the DAO. In the same way, the transducer was moved laterally from the modiolus to confirm the position of the risorius. 8, 9 After confirming the positions of these 3 perioral muscles with the transducer at a vertical orientation, the transducer was placed transversely and moved medially to verify the DAO and the DLI. When the 3 muscles had been identified, the patient was asked to contract and relax each muscle in turn. This process was repeated until the exact location of each muscle was confirmed. The right hand was used to obtain an ultrasound image, while the left arm supported the right arm so as to hold it steady. Water-soluble transmission gel was applied to reduce the external pressure required on the dermal surface to obtain clear images. The transducer was always placed perpendicular to the lower face skin or mandible, and images were taken in the transverse plane.
In every ultrasonographical image of the patient's face, the DAO, shown as a thicker muscle bundle, was located more superficially than the DLI ( Figure 1A) . A thin risorius was interlaced with the lateral aspect of the DAO, and the buccinator was observed deep to the risorius ( Figure 1B) . At the meeting point between the horizontal line passing the nose ala and the perpendicular line passing the lateral canthus, the ZMj was identified and observed as a thick muscle bundle. At this point, the zygomaticus minor was located medial to the ZMj while the levator anguli oris was deep to the ZMj and minor ( Figure 1C) .
The patient received an ultrasound-guided BoNT-A injection (Meditoxin®, Medytox, Seoul, Korea) in each target muscle using a 1-mL syringe with a 30-gauge 1-inchlong needle (Figure 2 ). After using ultrasound to confirm the location of the tip of the needle within the target muscles (the left DLI and risorius), an ultrasound-guided BoNT-A injection was performed. The position of the needle tip was monitored on the ultrasound screen throughout the procedure. The doses of BoNT-A applied to the DLI and the risorius were 5 U and 2 U, respectively.
Post-injection photographs were taken a month following the procedure in February 2017. After her first treatment, the patient's left lower teeth remained exposed, and her left mouth corner elevation was not sufficiently enhanced. Therefore, an additional 3 U and 4 U of BoNT-A injections were injected into the DLI and the left ZMj, A B Figure 3 . Photographs of the 30-year-old female patient's lower face (A) before and (B) 1 month after the ultrasound-guided injections. When the patient smiled, her left lower teeth were exposed, while the corner of her left mouth seemed relatively elevated by the zygomaticus major and the risorius in contrast to the right corner of her mouth. The patient's smile was symmetrical 4 weeks after injecting the BoNT-A into the depressor labii inferioris, ZMj, and risorius. This symmetry was achieved by decreasing the exposure of the lower teeth and elevating both mouth corners.
respectively, under ultrasound guidance in the same way as in the previous intervention ( Figure 2 ). The touch-up injection was performed because the patient wanted the asymmetry to be corrected even more when she visited the month following her first treatment. Her asymmetrical smile, caused by the DLI and the risorius, was improved. But a follow-up evaluation revealed that the ZMj had not been completely paralyzed, while the DLI appeared to have been more corrected. That is why we performed an additional injection into the ZMj and a lightly dosed injection into the DLI. From the US images, significant differences, such as muscle mass reduction or less mobility of the muscle, were not observed, as most facial muscles such as the DAO and the DLI are very thin and tiny compared to other skeletal muscles.
The patient's smile was symmetrical 3 months after the ultrasound-guided BoNT-A into the DLI, risorius, and ZMj. The symmetry was achieved by decreasing the exposure of the lower teeth and by elevating both mouth corners ( Figure 3 ). Patient satisfaction was assessed through an interview, and she reported being happy and satisfied with the outcome. Four months after the follow-up treatment, she visited our clinic again, and regular check-ups have been scheduled for every 4 months.
DISCUSSION
To our knowledge, this is the first report of performing an ultrasound-guided BoNT-A injection into facial expression muscles to correct an asymmetrical smile. The patient in this study had a medical history of an autogenous fat graft, and thus the subcutaneous fat in her midface was thicker than normal. In this particular case, the muscle could have been deeper than in a normal face. If these characteristics had not been considered, the BoNT-A could have been injected into the subcutaneous fat layer, leading not only to a less-effective treatment but also to a greater diffusion into surrounding muscles. Therefore, the thickness of the subcutaneous fat layer should be considered before performing BoNT-A injections in order to ensure a good outcome with fewer side effects.
CONCLUSIONS
The ultrasound-guided injection technique presented in this article may contribute to the determination of the optimal injection method and dosage based on a precise knowledge of morphology, location, layer of target muscles, and thickness of subcutaneous fat tissues. This technique could also be beneficial to other aesthetic treatments by reducing various serious side effects.
